We propose a Witness for a measure of genuine multipartite quantum discord for arbitrary N partite quantum state.
able measure of quantum correlation.The total correlations between two quantum systems A and B are quantified by the quantum mutual information
where S(ρ) = −Tr(ρ log 2 ρ) is the Von Neumann entropy and ρ A(B) = Tr B(A) (ρ AB ).
On the other hand, the classical part of correlations is defined as the maximum information about one subsystem that can be obtained by performing a measurement on the other system. Given a set of projective (von Neumann) measurements described by a complete set of orthogonal projectors {Π and the quantum discord is then defined by
which is zero only for states with classical correlations and nonzero for states with quantum correlations. The nonclassical correlations captured by the quantum discord may be present even in separable states. [5] Recently, the authors get an symmetric equivalent definition for quantum discord, the following can be found in [32] :
The quantum relative entropy is a measure of distinguishability between two arbitrary density operatorsρ andσ, which is defined as S (ρ σ) = Tr (ρ log 2ρ −ρ log 2σ ) [16] . We can express the quantum mutual information I(ρ AB ) as the relative entropy betweenρ AB and the product stateρ A ⊗ρ B , i.e.
In order to express the measurement-induced quantum mutual information J (ρ AB ) in terms of relative entropy, we need to consider a non-selective von Neumann measurement on part B ofρ AB , which yields Φ B (ρ AB ) =
Moreover, tracing over the variables of the subsystem A, we obtain Φ B (ρ B ) = Φ B (Tr AρAB ) = j p j |b j b j |, where we have used that Tr A (ρ A|j ) = 1.
Then, by expressing the entropies S (Φ B (ρ AB )) and
, with H (p) denoting the Shannon entropy H (p) = − j p j log 2 (p j ), we can rewrite
Therefore, the quantum discord can be rewriten in terms of a difference of relative entropies:
with minimization taken over {Π Indeed, performing measurements over both subsystems A and B, we define
where the operator Φ AB is given by
The aim of this work is to give a measure of genuine multipartite quantum discord for arbitrary N partite state, note that our measure is quite different from that of [32] .
We will extend quantum discord as given by Eq. (??) to multipartite systems.
Recall that an N -partite pure state |ψ ∈ H 1 ⊗ H 2 ⊗ · · · H N is called biseparable if there is a bipartition
where
is a partition of {1, 2, 3, 4}.
Let γ be any subset
three qubits state, γ = 1 corresponding to the partition A|BC, and corresponding to the reduced density matrix ρ A , while if γ = 23, then it corresponding to the reduced density matrix ρ BC .
Definition. For an arbitrary N partite stateρ 1···N , the genuine multipartite quantum discord D (ρ 1···N ) is defined as follows:
(1). First, let ρ be an N partite state, and γ be any sub-
g., for three qubits state, γ = 1 corresponding to the partition A|BC, and corresponding to the reduced density matrix ρ A , and γ ′ is defined as the complemental set of γ(that is, the set union of γ and γ ′ is the total set {1, 2, ..., N }, i.e.,for three qubits
where the operator Φ γ 1,2,...,N is given by
the superoperator Φ γ is defined for the subsystems γ, and is given by
the superoperator Φ γ ′ is defined for the subsystems γ ′ , and is given by
(2). then define the genuine multipartite quantum discord as the minimal of all γ-discord:
where the min run over all partition γ. Note that in this paper, the local von Neumann measurements we performed is always the form as
e.g., for 3-partite state, the measurements are:
Then, after a non-selective measurement, the density operator ρ becomes
This operation can then be used to define a GMC state.
Definition. If there exists any measurement {Π j } such that Φ(ρ) = ρ then ρ describes a genuine multipartite classical (GMC) state under von Neumann local measurements.
Therefore, it is always possible to find out a local measurement basis such that a GMC state ρ is kept undisturbed. In this case, we will denote ρ ∈ GMC N , where GMC N is the set of genuine N -partite classical (GMC) states. A witness for GMC states can be directly obtained from the observation that the elements of the set {Π j } are eigenprojectors of ρ. This can be shown by the theorem below (see also Ref. [18, 33] ).
γ ′ } and j denoting the index string (kk ′ ).
We can now propose a necessary condition to be obeyed for arbitrary GMC states.
Theorem. Let ρ be a GMC state, then there exists a partition γ|γ ′ (e.g. for three partite state, A|BC is such a partition), such that [ρ, ρ γ ⊗ ρ γ ′ ] = 0, where ρ γ be the reduced density operator for the subsystem γ, and ρ γ ′ be the reduced density operator for the subsystem γ ′ , e.g.,
In [34] , a metric of quantum states were defined as:
So, if we define the following witness for state:
This witness has deep connection with concurrence.
First, we can prove that for bipartite state, this witness is exactly the concurrence.
Theorem For bipartite pure state ρ := |ψ ψ|,
, where C(ρ) is the concurrence of ρ, which is defined as C(ρ) := 2 − 2Tr(ρ 2 A ).
Theorem For multipartite pure state ρ := |ψ ψ|,
is the GME-concurrence of ρ, which is defined in [35] as following:
Definition Recently, reference [35] has defined a genuine multipartite entanglement measure, called GMEconcurrence, as follows:
(1). First, let ψ be an n partite pure state, and γ be any subset {j 1 j 2 · · · j k } of {1, 2, ..., N }, corresponding to a partition j 1 j 2 · · · j k |j k+1 · · · j N , e.g., for three qubits state, γ = 1 corresponding to the partition A|BC, then define the γ-concurrence as
(2). Then, define the GME-concurrence as minimal of all γ-concurrence: 
Where ρ A , ρ B and ρ C are the three reduced density matrices. For mix state ρ, GME-concurrence is defined by the convex roof method as C GME (ρ) := min
where the minimum is taken over all decompositions of ρ into pure states ρ = i p i |ψ i ψ i |. From definition, any state ρ is biseparable if and only if C GME (ρ) = 0, equivalently, the quantum state is genuine multipartite entanglement (GME) if and only if C GME (ρ) > 0. * Email:ma9452316@gmail.com
